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WAVEGUIDE STRUCTURE AND 



METHOD OF FORMING THE WAVEGUIDE STRUCTURE 



Field of the Invention 

The present invention relates broadly to a high 
5 optical confinement waveguide structure and a method for 
forming the same . 
Background of the Invention 

High confinement optical waveguides rely on a high 
refractive index contrast between the waveguide material 

10 and surrounding cladding material /optically isolating 

layers . This allows the design of very compact waveguide 
structures, which have found numerous applications 
enabling dramatic reduction in device dimensions while 
maintaining the required optical functionality, 

15 Recently, silicon has been identified as a suitable 

material for the production of high confinement waveguide 
structures. Silicon has a high refractive index of the 
order of 4 at 1,5 micro meter wavelength. High 
confinement optical waveguides based on silicon as the 

20 waveguide material are presently manufactured utilising a 
technique known as Separation by Implanted Oxygen" 
(SIMOX) to create Silicon on Insulator (SOI) structures. 
In the SIMOX technique oxygen is implanted into a silicon 
wafer. The wafer is then annealed to form a silicon layer 

25 above a layer of oxidised silicon formed from the 

implanted oxygen at a predetermined implantation depth. 

However, this technique suffers from several 
disadvantages including the high cost related to the 
complex fabrication of SIMOX substrates, and the limited 

30 range of variations in the parameters of the SIMOX 

substrates, such as the limited range of the waveguide 
material properties (bulk silicon) and the limited range 
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of achievable thicknesses of the oxidised optical 
isolation layer created through oxygen implantation. 
Summary of the Invention 

The present invention provides a method for forming a 
5 high optical confinement waveguide structure. The method 
comprises the step of forming a silicon-based waveguide on 
a substrate by depositing a waveguide layer of silicon 
containing material onto the substrate, wherein the 
material is selected in a manner such that the refractive 
10 index of the waveguide is greater than the refractive 
index of the sxibstrate. 

Accordingly, thin film technology can be used to 
fabricate high optical confinement silicon-based waveguide 
structures, which can increase the range of properties of 
15 the silicon-based waveguide of the waveguide structure. 

The method may further comprise the step of 
depositing a first layer of a first material on a wafer to 
form the substrate prior to depositing the waveguide 
layer. The wafer may comprise a silicon wafer. The first 
20 layer may be silica-based. 

The forming of the silicon-based waveguide may 
further comprise etching the deposited waveguide layer. 
The etching may be performed in a manner such as to form a 
ridge structure in the deposited waveguide layer. The 
25 method may further comprise the step of depositing a 

second layer of a second material to form an etch-stop 
during the etching of the ridge stnacture. Accordingly, 
the height of the ridge structure can be more accurately 
controlled compared to relying on uniformity of the 
30 etching process . 

The method may further comprise the step of varying 
the refractive index in the deposited waveguide layer to 
form a refractive index profile in the waveguide. The step 
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of varying the refractive index may comprise exposing the 
deposited waveguide layer to radiation to induce 
refractive index changes in the deposited waveguide layer. 
The silicon containing material may comprise a dopant 
5 material . 

The silicon containing material may be selected in a 
manner such that the deposited waveguide layer comprises 
amorphous silicon. 

The silicon containing material may be selected in a 

10 manner such that the deposited waveguide layer comprises 
amorphous silicon and oxidised silicon. 

The method may further comprise crystallising the 
deposited waveguide layer and forming the waveguide in the 
polycrystalline waveguide layer. The step of crystallising 

15 may comprise utilising a dopant incorporated into the 

waveguide during the deposition of the waveguide layer in 
the first material to control a grain size in the 
crystallised waveguide. 

The step of forming the waveguide may comprise plasma 

20 enhanced chemical vapour deposition (PECVD) . 

The step of forming the waveguide may comprise 
forming a taper in an end portion of the deposited 
waveguide for optical coupling to an optical fibre. The 
step of forming the taper may comprise varying the 

25 refractive index of the deposited waveguide layer in the 
end portion of the waveguide. The varying of the 
refractive index in the end portion may comprise 
controlled oxidation of the deposited waveguide layer. 
The controlled oxidation may comprise a laser to heat the 

30 deposited waveguide layer. The laser may comprise a CO2 
laser . 
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The method may further comprise the step of forming a 
processing element in and integrated with the deposited 
waveguide layer. 

The present invention may alternatively be defined as 

5 providing an optical device incorporating a silicon-based 
waveguide structure formed on a substrate, and a 
processing element formed and integrated with the silicon- 
based waveguide structure. 

The processing element may comprise a photodetector 

0 incorporating a dopant material in the silicon-based 
waveguide structure . 

The present invention may alternatively be defined as 
providing a method of coupling a silicon-based waveguide 
to an optical fibre ^ the method comprising the steps of 

5 oxidising the silicon-based waveguide in an end portion 
thereof, the end portion being, in use, located adjacent 
an end phase of the optical fibre for optical coupling, 
wherein the oxidising is controlled in a manner such that 
a refractive index profile is created in the end portion, 

0 wherein the refractive index is altered in a marmer such 
that it substantially matches that of the optical fibre at 
an outer end of the end portion. 

Preferred forms of the Invention will now be 
described, by way of example only, with reference to the 

5 accompanying drawings, in which: 
Brief Description of the Drawings 

Figure la to e are schematic drawings illustrating a 
method of forming a waveguide structure embodying the 
present invention . 

0 Figure 2 is a schematic drawing illustrating a method 

of coupling a waveguide structure to an optical fibre 
embodying the present invention . 
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Detailed Description o£ the Preferred Embodiment 

In Figure la, a silicon wafer 10 is the starting 
substrate for subsequent thin film deposition of the 
various layers of the high optical confinement waveguide 
5 structure as described below. 

Turning to Figure lb, as a first step a silica buffer 
layer 12 is deposited on the silicon wafer 10 using Plasma 
Enhanced Chemical Vapour Deposition (PECVD) using a 
suitably oxidised silane precursor. The silica buffer 

10 layer 12 typically comprises a silicon dioxide, resulting 
in a refractive index of 1.46 (at 1.5 micro meter 
wavelength) of the buffer layer 12. 

Next, as shown in Figure Ic, a waveguide layer 14 of 
amorphous silicon is deposited using again PECVD from a 

15 silane precursor , 

It is noted that the refractive index of the 
resultant waveguide layer 14 can be adjusted from that of 
pure amorphous silicon (3.6 to 3.8 at 1.5 micro meter 
wavelength) to that of silicon dioxide (1.46 at 1.5 micro 

20 meter wavelength) by controlled oxidation of the silane 
during the PECVD process. This allows a great range of 
material properties of the waveguide ' lay^r 14, which in 
turn gives design flexibility for devices incorporating 
the high confinement optical waveguide. 

25 In the next processing step, photolithography and 

reactive ion etching are used to produce a ridge 16 in the 
amorphous silicon layer which defines the high confinement 
optical waveguide. The height of the ridge 16 determines 
the degree of optical confinement, wherein the higher the 

30 ridge 16 is, the higher the optical confinement (see 
Figure Id) . 
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Finally, as illustrated in Figure le, a further 
silica layer 18 is deposited to form an outer cladding of 
the waveguide structure. 

It will be appreciated by a person skilled in the art 
5 that the above described method allows control over 
various properties of the resultant high optical 
confinement waveguide structure. 

Those include the control over the refractive index 
of the silicon-waveguide layer 14 as mentioned before, and 

10 the semiconductor properties of the silicon layer 14 (e.g. 
carrier lifetime which may be adjusted through suitable 
dopants) . Furthermore, the thickness /height of the ridge 
16 can be conveniently controlled, as well as the 
thickness and composition of the buffer layers 12 and 18. 

15 The refractive index of the silicon layer 14 may 

further be altered through solid phase crystallisation of 
the deposited amor-phous silicon layer 14 by eg. high 
temperature processing, including Rapid Theiirmal Annealing 
(RTA) or laser heating. It is noted here that the 

20 formation of grains caused by the cirystallisation can 
cause an access scattering loss of the resultant 
waveguide. However, the grain size can be controlled 
independently by an appropriate doping of the silicon 
layer so that the high temperatures required to achieve 

25 the necessary re-cip/stallisation to eg. control the 

semiconductor properties of the silicon layer 12 do not 
lead to an excessive grain growth. In one embodiment, 
small amounts of oxygen can be incorporated during the 
deposition of the silicon layer 14, which can 

30 significantly restrain the grain growth even at 
temperatures in excess of BOO^C. 

The above described method can for example be 
utilised to construct silicon-based thermo-optical 
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switches (TOS) and switching matrices. Despite the high 
thermo-optic coefficient of silicon it has so far been 
difficult to realise TOS, as in the SIMOX process little 
thermal isolation of the silicon waveguide from the highly 
thermally conductive silicon substrate could be achieved. 
This is a result of the small thickness of the barrier 
oxide layer formed from the implanted oxygen dictated by 
the SIMOX process. 

In the embodiment of the present invention described 
above, the thickness of the silica buffer layer 12 can be 
varied conveniently in a sufficient thickness range as it 
utilises thin film technology rather than relying on 
implantation of oxygen into a substrate. Therefore, heat 
losses into the silicon substrate in TOS and switching 
niatrices can be minimised, which in turn reduces the 
thermo-optical switching power required. 

It will be appreciated by a person skilled in the art 
that the above described method can be utilised in the 
construction of other device structures, including for 
example devices which incorporate a processing element 
which is arranged to be controlled electrically to change 
its refractive index. Such processing elements can be 
useful in for example electro-optic modulator devices or 
phase shifter devices. 

An advantage of another embodiment of the present 
invention will be described. 

In silicon-based opto-electronics it is often 
required to couple light to and from an optical fibre. 
Typically, the coupling occurs at high loss due to optical 
mode mismatch between silica (fibre) and silicon material 
systems. One solution to this problem is to provide 
adiabatic tapering to the input/output silicon waveguides 
in order to expand their optical mode towards the optical 
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mode of fibres. However, this requires relatively large 
tapering distances to avoid radiation losses which 
partially negates the advantages of the compactness of the 
optical circuits as such. 
5 Turning now to Figure 2, in an embodiment of the 

present invention a silicon waveguide 3 0 comprises a 
tapered end portion 32 for mode matching to an optical 
fibre 34 resting in a groove (not shown) of a carrier 
substrate 36. in this embodiment, controlled oxidation of 
the deposited amorphous silicon waveguide 3 0 is utilised 
to reduce the length of the required tapering 32. A laser 
beam 3 8 is scanned locally in the tapered end portion 32 
of the amorphous silicon waveguide 3 0 to oxidise the 
amorphous silicon in that region, thereby reducing its 
refractive index in that region towards that of silica. 
This allows for a reduction in the length of the required 
tapering 32. In this embodiment, a CO2 laser is used, but 
it will be appreciated that other lasers could be used to 
locally oxidise the amorphous silicon. 

A refractive index profile in the tapered region 3 2 
can be achieved by controlling the degree of oxidation, 
which will depend on the laser pulse frequency and 
exposure duration. 

In another embodiment of the present invention, 
deposition of germanium- doped silicon waveguide layers can 
allow to introduce infrared absorption which in turn will 
allow incorporating a signal receive function in the 
waveguide. Accordingly, embodiments of the present 
invention can provide integrated active and passive 
circuit components . 

It will be appreciated by a person skilled in the art 
that numerous variations and/or modifications may be made 
to the present invention as shown in the specific 
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embodiments without departing from the spirit or scope of 
the invention as broadly described. The present 
embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 
5 In the claims that follow and in the summary of the 

invention, except where the context reqriires otherwise due 
to express language or necessary implication, the word 
"comprising" is used in the sense of including" , i.e. the 
features specified may be associated with further features 
10 in various embodiments of the invention. 
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The claims defining the invention are 

1- A method for forming a high optical confinement 
waveguide structure, the method comprising the step of: 

- forming a silicon-based waveguide on a substrate by 
5 depositing a waveguide layer of silicon containing 
material onto the substrate; 

wherein the material is selected in a manner such 
that the refractive index of the waveguide is greater than 
the refractive index of the substrate. 
10 2. A method as claimed in claim 1, further 

comprising the step of depositing a first layer of a first 
material on a wafer to form the substrate prior to 
depositing the waveguide layer. 

3. A method as claimed in claim 2, wherein the 
15 wafer comprises a silicon wafer, 

4. A method as claimed in claims 2 or 3, wherein 
the first layer is silica-based. 

5 , A method as claimed in any one of the preceding 
claims, wherein tbe forming of the silicon-based waveguide 
20 further comprises etching the deposited waveguide layer, 

6. A method as claimed in claim 5, wherein the 
etching is performed in a manner such as to form a ridge 
structure in the deposited waveguide layer. 

7 . A method as claimed in any one of the preceding 
25 claims, wherein the method further comprises the step of 

depositing a second layer of a second material to form an 
etch-stop during the etching of the ridge structure. 

8 . A method as claimed in any one of the preceding 
claims, wherein tbe method further comprises the step of 

30 varying the refractive index in the deposited waveguide 

layer to form a refractive index profile in the waveguide. 

9. A method as claimed in claim 8, wherein the step 
of varying the refractive index comprises exposing the 
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deposited waveguide layer to radiation to induce 
refractive index changes in the deposited waveguide layer. 

10. A method as claimed in any one of the preceding 
claims, wherein the silicon containing material comprises 

5 a dopant material . 

11. A method as claimed in any one of the preceding 
claims, wherein the silicon containing material is 
selected in a manner such that the deposited waveguide 
layer comprises amorphous silicon. 

10 12 . A method as claimed in claim 11, wherein the 

silicon containing material is selected in a manner such 
that the deposited waveguide layer comprises amorphous 
silicon and oxidised silicon. 

13. A method as claimed in any one of the preceding 
15 claims, wherein the method further comprises crystallising 

the deposited waveguide layer and forming the waveguide in 
the polycrystalline waveguide layer. 

14. A method as claimed in claim 13, wherein the 
step of crystallising comprises utilising a dopant 

20 incorporated into the waveguide during the deposition of 
the waveguide layer in the silicon containing material to 
control a grain size in the crystallised waveguide. 

'15. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 

25 comprises plasma enhanced chemical vapour deposition 
(PECVD) . 

16. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 
comprises forming a taper in an end portion of the 

30 deposited waveguide for optical coupling to an optical 
fibre . 

17, A method as claimed in claim 16, wherein the 
step of forming the taper comprises varying the refractive 
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index of the deposited waveguide layer in the end portion 
of the waveguide. 

18. A method as claimed in claim 17, wherein the 
varying of the refractive index in the end portion 

5 comprises controlled oxidation of the deposited waveguide 
layer . 

19. A method as claimed in claim 18, wherein the 
controlled oxidation comprises a laser to heat the 
deposited waveguide layer. 

*0 20. A method as claimed in claim 19, wherein the 

laser comprises a CO2 laser, 

21. A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 
forming an optical signal processing element in and 

15 integrated with the deposited waveguide layer . 

22. A method as claimed in claim 22, wherein the 
processing element comprises a photodetector incorporating 
a dopant material in the silicon-based waveguide 
structure . 

20 23 . A method as claimed in claim 22, wherein the 

processing element is arranged to be controlled 
electrically to change its refractive index. 

24. A method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising the steps of: 

25 - oxidising the silicon-based waveguide in an end 

portion thereof, the end portion being, in use, located 
adjacent an end phase of the optical fibre for optical 
coupling; 

wherein the oxidising is controlled in a manner such 
30 that a refractive index profile is created in the end 

portion, and wherein the refractive index is altered in a 
manner such that it substantially matches that of the 
optical fibre at an outer end of the end portion. 
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25. An optical device incorporating a silicon-based 
waveguide structure on a substrate formed on a substrate, 
the device comprising a processing element formed and 
integrated with the silicon-based waveguide structure. 
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T h e Gl ar4 m3 definiiig fehc invontion -^ajge 

1 . A method for forming a high optical confinement 
waveguide staructure, the method comprising the step of; 

- forming a silicon-based waveguide on a siibstrate by 
5 depositing a waveguide layer of silicon containing 
material onto the substrate; 

wherein the material is selected in a manner such 
that the refractive index of the waveguide is greater than 
the refractive index of the substrate. 
10 2. A method as claimed in claim 1, further 

comprising the step of depositing a first layer of a first 
material on a wafer to form the substrate prior to 
depositing the waveguide layer. 

3. A method as claimed in claim 2 , wherein the 
15 wafer comprises a silicon wafer, 

4 . A method as claimed in claiit^ 2 /fe r wherein 
the first layer is silica-based. / / 

5 . A method as claimed in ^tay-onfe of th^ preceding - 
— claim -^, wherein the forming of the silicon-based waveguide 

20 further comprises etching the deposited waveguide layer. 

6. A method as claimed in claim 5, wherein the 
etching is performed in a manner such as to form a ridge 
structure in the deposited waveguide layer. / 

7 . A method as claimed in ^ ^y on e o l - the - pr et^ dli ig 
25 ^l a iiR-^ , wherein the method further comprises the step of 

depositing a second layer of a second material to form an 
etch-stop during the etching of the ridge s.t^cture. 

8 . A method as claimed in ^kny- orSf^^^^ the pre ceding' 
-jciaimr^, wherein the method further comprises the step of 

30 varying the refractive index in the deposited waveguide 

layer to form a refractive index profile in the waveguide. 

9. A method as claimed in claim 8, wherein the step 
of varying the refractive index comprises exposing the 
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deposited waveguide layer to radiation to induce 
refractive index changes in the deposited waveguide layer. 

10 . A method as claimed in ^4ny-€r ud^ uT "^he ^eie'dxng" 
&laiBvs^ wherein the silicon containing material comprises 
5 a dopant material. / j 

11. A method as claimed in ^ ^y one of -feha- preceding — 
-ciairif^, wherein the silicon containing material is 
selected in a manner such that the deposited waveguide 
layer comprises amorphous silicon, 
10 12. A method as claimed in claim 11, wherein the 

silicon containing material is selected in a manner such 
that the deposited waveguide layer comprises amorphous 
silicon and oxidised silicon. » / 

13 . A method as claimed in /aa y- lii ne uf — the px eced ±ng'" 
15 .Qiaim^, wherein the method further comprises crystallising 
the deposited waveguide layer and forming the waveguide in 
the polycrystalline waveguide layer. 

14. A method as claimed in claim 13, wherein the 
step of crystallising comprises utilising a dopant 
20 incorporated into the waveguide during the deposition of 
the waveguide layer in the silicon containing material to 
control a grain size in the crystallised waveguide . 
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*■ 15 . A method as claimed in /any one oz^tho prec e din g 
daim:^, wherein the step of forming the waveguide 
25 comprises plasma enhanced chemical vapour deposition 
(PECVD) . / / 

16. A method as claimed in any one of t h e ■ p , rf=^r:p di-ng-^ 
ril^rim^ , wherein the step of forming the waveguide 
comprises forming a taper in an end portion of the 

30 deposited waveguide for optical coupling to an optical 
fibre. 

17, A method as claimed in claim 16, wherein the 
step of forming the taper comprises vairying the refractive 
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index of the deposited waveguide layer in the end portion 
of the waveguide. 

18. A method as claimed in claim 17, wherein the 
varying of the refractive index in the end portion 

5 comprises controlled oxidation of the deposited waveguide 
layer. 

19. A method as claimed in claim 18, wherein the 
controlled oxidation comprises a laser to heat the 
deposited waveguide layer. 

10 20. A method as claimed in claim 19, wherein the 

laser comprises a CO2 laser. / 



forming an optical signal processing element in and 
15 integrated with the deposited waveguide layer. 

22- A method as claimed in claim 22, wherein the 
processing element comprises a photodetector incorporating 
a dopant material in the silicon -based waveguide 
structure. 

20 23 . A method as claimed in claim 22, wherein the 

processing element is arranged to be controlled 
electrically to change its refractive index. 

24. A method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising the steps of: 

25 - oxidiging the silicon-based waveguide in an end" 

portion thereof, the end portion being, in use, located 
adjacent an end phase of the optical fibre for optical 
coupling; 



30 that a refractive index profile is created in the end 

portion, and wherein the refractive index is altered in a 
manner such that it substantially matches that of the 
optical fibre at an outer end of the end portion. 




wherein the oxidi^P-ng is controlled in a manner sucb 
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25. An optical device incorporating a silicon-based 
waveguide structure on a substrate formed on a substrate, 
the device comprising a processing element formed and 
integrated with the silicon-based waveguide structure. 
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A method for forming a high optical 
confinement waveguide structure compris- 
ing the steps of: forming a silicon-based 
waveguide on a substrate by depositing a 
waveguide layer of silicon containing ma- 
terial onto the substrate; wherein the mate- 
rial is selected in a manner such that the 
refractive index of the waveguide is greater 
than the refractive index of the substrate; 
wherein the forming of the silicon-based 
waveguide further comprises etching the de- 
posited waveguide structure such as to foixn 
a ridge structure in the deposited waveguide 
layer; wherein the method further comprises 
the step of forming an optical signal pro- 
cessing element in and integrated with the 
deposited waveguide layer. 
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WAVEGUIDE STRUCTURE AND 
METHOD OF FORMING THE V7AVEGUIDE STRUCTURE 

Field of the Invention 

The present invention relates broadly to a high 
optical confinement waveguide structure and a method for 
forming the same. 
Background of the Invention 

High confinement optical waveguides rely on a high 
refractive index contrast between the waveguide material 
and surrounding cladding material /opt ically isolating 
layers. This allows the design of very compact waveguide 
structures, which have found numerous applications 
enabling dramatic reduction in device dimensions while 
m.aintaining the required optical functionality. 

Recently, silicon has been identified as a suitable 
material for the production of high confinement waveguide 
structures. Silicon has a high refractive index of the 
order of 4 at 1 . 5 micro meter wavelength. High 
confinement optical waveguides based on silicon as the 
waveguide material are presently manufactured utilising a 
technique known as "Separation by Implanted Oxygen" 
(SIMOX) to create Silicon on Insulator (SOI) structures. 
In the SIMOX technique oxygen is implanted into a silicon 
wafer. The wafer is then annealed to form a silicon layer 
above a layer of oxidised silicon formed from the 
implanted oxygen at a predetermined implantation depth. 

However, this technique suffers from several 
disadvantages including the high cost related to the 
complex fabrication of SIMOX substrates, and the limited 
range of variations in the parameters of the SIMOX 
substrates, such as the limited range of the waveguide 
material properties (bulk silicon) and the limited range 
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of achievable thicknesses of the oxidised optical 
isolation layer created through oxygen implantation. 
Summary of the Invention 

The present invention provides a method for forming a 
5 high optical confinement waveguide structure. The method 
comprises the step of forming a silicon-based waveguide on 
a substrate by depositing a waveguide layer of silicon 
containing material onto the substrate, wherein the 
material is selected in a manner such that the refractive 

10 index of the waveguide is greater than the refractive 
index of the substrate. 

Accordingly, thin film technology can be used to 
fabricate high optical confinement silicon-based waveguide 
structures, which can increase the range of properties of 

15 the silicon-based waveguide of the waveguide structure. 
The method may further comprise the step of 
depositing a first layer of a first material on a wafer to 
form the substrate prior to depositing the waveguide 
layer. The wafer may comprise a silicon wafer. The first 

20 layer may be silica-based. 

The forming of the silicon-based waveguide may 
further comprise etching the deposited waveguide layer. 
The etching may be performed in a manner such as to form a 
ridge structure in the deposited waveguide layer. The 

25 method may further comprise the step of depositing a 

second layer of a second material to form an etch-stop 
during the etching of the ridge structure. Accordingly, 
the height of the ridge structure can be more accurately 
controlled compared to relying on uniformity of the 

30 etching process . 

The method may further comprise the step of varying 
the refractive index in the deposited waveguide layer to 
form a refractive index profile in the waveguide. The step 
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of varying the refractive index may comprise exposing the 
deposited v/aveguide layer co radiation to induce 
refractive index changes m the deposited waveguide layer. 
The silicon contaxning material may comprise a dopant 
5 material . 

The silicon containing material may be selected in a 
manner such that the deposited waveguide layer comprises 
amorphous silicon . 

The silicon containing material may be selected in a 

10 manner such that the deposited waveguide layer comprises 
amorphous silicon and oxidised silicon. 

The method may further comprise crystallising the 
deposited waveguide layer and forming the waveguide in the 
polycrystalline waveguide layer. The step of crystallising 

15 may comprise utilising a dopant incorporated into the 

waveguide during the deposition of the waveguide layer in 
the first material to control a grain size in the 
crystallised waveguide. 

The step of forming the waveguide may comprise plasma 

20 enhanced chemical vapour deposition (PECVD) . 

The step of forming the waveguide may comprise 
forming a taper in an end portion of the deposited 
waveguide for optical coupling to an optical fibre. The 
step of forming the taper may comprise varying the 

25 refractive index of the deposited waveguide layer in the 
end portion of the waveguide. The varying of the 
refractive index in the end portion may comprise 
controlled oxidation of the deposited waveguide layer. 
The controlled oxidation may comprise a laser to heat the 

30 deposited waveguide layer. The laser may comprise a CO2 
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The method may further comprise the step of forming a 
processing element in and integrated vvith the deposited 
waveguide layer. 

The present invention may alternatively be defined as 
5 providing an optical device incorporating a silicon-based 
waveguide structure formed on a substrate, and a 
processing element formed and integrated with the silicon- 
based waveguide structure. 

The processing element may comprise a photode tector 
10 incorporating a dopant material in the silicon-based 
waveguide structure. ' 

The present invention may alternatively be defined as 
providing a method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising the steps of 
15 oxidising the silicon-based waveguide in an end portion 
thereof, the end portion being, in use, located adjacent 
an end phase of the optical fibre for optical coupling, 
wherein the oxidising is controlled in a manner such that 
a refractive index profile is created in the end portion, 
20 wherein the refractive index is altered in a manner such 

that it substantially matches that of the optical fibre at 
an outer end of the end portion. 

Preferred forms of the invention will now be 
described, by way of example only, with reference to the 
25 accompanying drawings, in which: 
Brief Description of the Drawings 

Figure la to e are schematic drawings illustrating a 
method of forming a waveguide structure embodying the 
present invention . 

Figure 2 is a schematic drawing illustrating a method 
of coupling a waveguide structure to an optical fibre 
embodying the present invention. 
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Detailed Description of the Preferred Embodiment 

In Figure la, a silicon wafer 10 is the starting 
substrate for subsequent thin film deposition of the 
various layers of the high optical confinement waveguide 
5 structure as described below. 

Turning to Figure lb, as a first step a silica buffer 
layer 12 is deposited on the silicon wafer 10 using Plasma 
Enhanced Chemical Vapour Deposition (PECVD) using a 
suitably oxidised silane precursor. The silica buffer 

10 layer 12 typically comprises a silicon dioxide, resulting 
in a refractive index of 1.46 (at 1.5 micro meter 
wavelength) of the buffer layer 12. 

Next, as shown in Figure Ic, a waveguide layer 14 of 
amorphous silicon is deposited using again PECVD from a 

15 silane precursor. 

It is noted that the refractive index of the 
resultant waveguide layer 14 can be adjusted from that of 
pure amorphous silicon (3.6 to 3.8 at 1.5 micro meter 
wavelength) to that of silicon dioxide (1.46 at 1.5 micro 

20 meter wavelength) by controlled oxidation of the silane 
during the PECVD process. This allows a great range of 
material properties of the waveguide lay^r 14, which in 
turn gives design flexibility for devices incorporating 
the high confinement optical waveguide. 

25 In the next processing step, photolithography and 

reactive ion etching are used to produce a ridge 16 in the 
amorphous silicon layer which defines the high confinement 
optical waveguide. The height of the ridge 16 determines 
the degree of optical confinement, wherein the higher the 

30 ridge 16 is, the higher the optical confinement (see 
Figure Id) . 
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Finally, as illustrated in Figure le, a further 
silica layer 18 is deposited to form an outer cladding of 
the waveguide structure. 

It will be appreciated by a person skilled in the art 
that the above described method allows control over 
various properties of the resultant high optical 
confinement waveguide structure. 

Those include the control over the refractive index 
of the silicon-waveguide layer 14 as mentioned before, and 
the semiconductor properties of the silicon layer 14 (e.g. 
carrier lifetime which may be adjusted through suitable 
dopants) . Furthermore, the thickness /height of the ridge 
16 can be conveniently controlled, as well as the 
thickness and composition of the buffer layers 12 and 18. 

The refractive index of the silicon layer 14 may 
further be altered through solid phase crystallisation of 
the deposited amorphous silicon layer 14 by eg. high 
temperature processing, including Rapid Thermal Annealing 
(RTA) or laser heating. It is noted here that the 
formation of grains caused by the crystallisation can 
cause an access scattering loss of the resultant 
waveguide. However, the grain size can be controlled 
independently by an appropriate doping of the silicon 
layer so that the high temperatures required to achieve 
the necessary re-crystallisation to eg. control the 
semiconductor properties of the silicon layer 12 do not 
lead to an excessive grain growth. In one embodiment, 
small amounts of oxygen can be incorporated during the 
deposition of the silicon layer 14, which can 
significantly restrain the grain growth even at 
temperatures in excess of 800-C. 

The above described method can for example be 
utilised to construct silicon-based thermo-opt ical 
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switches (TOS) and switching matrices. Despite the high 
thermo-optic coefficient of silicon it has so far been 
difficult to realise TOS, as in the SIMOX process little 
thermal isolation of the silicon waveguide from the highly 
5 thermally conductive silicon substrate could be achieved. 
This is a result of the small thickness of the barrier 
oxide layer formed from the implanted oxygen dictated by 
the SIMOX process. 

In the embodiment of the present invention described 
10 above, the thickness of the silica buffer layer 12 can be 
varied conveniently in a sufficient thickness range as it 
utilises thin film technology rather than relying on 
implantation of oxygen into a substrate. Therefore, heat 
losses into the silicon substrate in TOS and switching 
15 matrices can be minimised, which in turn reduces the 
thermo-optical switching power required. 

It will be appreciated by a person skilled in the art 
that the above described method can be utilised in the 
construction of other device structures, including for 
example devices which incorporate a processing element 
which is arranged to be controlled electrically to change 
its refractive index. Such processing elements can be 
useful in for example electro-optic modulator devices or 
phase shifter devices. 

An advantage of another embodiment of the present 
invention will be described. 

In silicon-based opto-elec tronics it is often 
required to couple light to and from an optical fibre. 
Typically, the coupling occurs at high loss due to optical 
30 mode mismatch between silica (fibre) and silicon material 
systems. One solution to this problem is to provide 
adiabatic tapering to the input/output silicon waveguides 
in order to expand their optical mode towards the optical 
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mode of fibres. However, this requires relatively large 
capering distances to avoid radiation losses which 
partially negates the advantages of the compactness of the 
optical circuits as such. 

Turning now to Figure 2, in an embodiment of the 
present invention a silicon waveguide 30 comprises a 
tapered end portion 32 for mode matching to an optical 
fibre 34 resting in a groove (not shown) of a carrier 
substrate 36. In this embodiment, controlled oxidation of 
10 the deposited amorphous silicon waveguide 3 0 is utilised 

to reduce the length of the required tapering 32. A laser 
beam 3 8 is scanned locally in the tapered end portion 32 
of the amorphous silicon waveguide 30 to oxidise the 
amorphous silicon in that region, thereby reducing its 
15 refractive index in that region towards that of silica. 

This allows for a reduction in the length of the required 
tapering 32. In this embodiment, a CO2 laser is used, but 
it will be appreciated that other lasers could be used to 
locally oxidise the amorphous silicon. 

A refractive index profile in the tapered region 32 
can be achieved by controlling the degree of oxidation, 
which will depend on the laser pulse frequency and 
exposure duration . 

In another embodiment of the present invention, 
25 deposition of germani um-doped silicon waveguide layers can 
allow to introduce infrared absorption which in turn will 
allow incorporating a signal receive function in the 
waveguide. Accordingly, embodiments of the present 
invention can provide integrated active and passive 
30 circuit components. 

It will be appreciated by a person skilled in the art 
that numerous variations and/or modifications may be made 
to the present invention as shown in the specific 
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embodiments without departxng from the spirit or scope of 
the invention as broadly described. The present 
embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 
5 In the claims that follow and in the summary of the 

invention, except where the context requires otherv;ise due 
to express language or necessary xmplication, the word 
"comprising" is used in the sense of "including", i.e. the 
features specified may be associated with further features 
10 in various embodiments of the invention. 
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The claims defining the invention are 

1. A method for forming a high optical confinement 
waveguide structure, the method comprising the step of: 

- forming a silicon-based waveguide on a substrate by 
5 depositing a waveguide layer of silicon containing 
material onto the substrate; 

wherein the material is selected in a manner such 
that the refractive index of the waveguide is greater than 
the refractive index of the substrate. 

2. A method as claimed in claim 1, further 
comprising the step of depositing a first layer of a first 
material on a wafer to form the substrate prior to 
depositing the waveguide layer. 

3. A method as claimed in claim 2, wherein the 
15 wafer comprises a silicon wafer. 

4. A method as claimed in claims 2 or 3 , wherein 
the first layer is silica-based. 

5. A method as claimed in any one of the preceding 
claims, wherein the forming of the silicon-based waveguide 
further comprises etching the deposited waveguide layer* 

6. A method as claimed in claim 5, wherein the 
etching is performed in a manner such as to form a ridge 
structure in the deposited waveguide layer. 

7 . A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 
depositing a second layer of a second material to form an 
etch-stop during the etching of the ridge structure. 

8. A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 
varying the refractive index in the deposited waveguide 
layer to form a refractive index profile in the waveguide. 

9. A method as claimed in claim 8, v;herein the step 
of varying the refractive index comprises exposing the 
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deposiced waveguide layer to radiation to induce 
refractive index changes in the deposited waveguide laver . 

10. A method as claimed in any one of the preceding 
claims, wherein the silicon containing material comprises 
a dopant material . 

11. A method as claimed m any one of the preceding 
claims, wherein the silicon containing material is 
selected in a manner such that the deposited waveguide 
layer comprises amorphous silicon. 

12. A method as claimed in claim 11, wherein the 
silicon containing material is selected in a manner such 
that the deposited waveguide layer comprises amorphous 
silicon and oxidised silicon, 

13. A method as claimed in any one of the preceding 
claims, wherein the method further comprises crystallising 
the deposited waveguide layer and forming the waveguide in 
the polycrystalline waveguide layer. 

14. A method as claimed in claim 13, wherein the 
step of crystallising comprises utilising a dopant 
incorporated into the waveguide during the deposition of 
the waveguide layer in the silicon containing material to 
control a grain size in the crystallised waveguide. 

15. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 

25 comprises plasma enhanced chemical vapour deposition 
(PECVD) . 

16. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 
comprises forming a taper in an end portion of the 
deposited waveguide for optical coupling to an optical 
fibre . 

17. A method as claimed in claim 16, wherein the 
step of forming the taper comprises varying the refractive 
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index of the deposited waveguide layer in the end portion 
of the v;aveguide. 

18. A method as claimed in claim 17, wherein the 
varying of the refractive index in the end portion 
comprises controlled oxidation of the deposited waveguide 
layer . 

19. A method as claimed in claim 18, wherein the 
controlled oxidation comprises a laser to heat the 
deposited waveguide layer. 

20. A method as claimed in claim 19, wherein the 
laser comprises a CO2 laser. 

21. A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 
forming an optical signal processing element in and 
integrated with the deposited waveguide layer. 

22. A method as claimed in claim 22, wherein the 
processing element comprises a photodetec tor incorporating 
a dopant material in the silicon-based waveguide 
structure . 

23 . A method as claimed in claim 22, wherein the 
processing element is arranged to be controlled 
electrically to change its refractive index. 

24. A method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising the steps of: 
-5 - oxidising the silicon-based waveguide in an end 

portion thereof, the end portion being, in use, located 
adjacent an end phase of the optical fibre for optical 
coupling ; 

wherein the oxidising is controlled in a manner such 
that a refractive index profile is created in the end 
portion, and wherein the refractive index is altered in a 
manner such that it substantially matches that of the 
optical fibre at an outer end of the end portion. 
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25. An optical device incorporating a silicon-based 
waveguide structure on a substrate formed on a substrate, 
the device comprising a processing element formed and 
integrated with the silicon-based waveguide structure. 
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NOVELTY rN): claims U 7, 9, 10, 21 
Claims 1, 7, 9, 10: 

The document Dl 1 discloses all the essential features of the claims 1, 7, 9 and 10. In particular, it discloses an 
optical waveguide of an amorphous silicon formed on a quartz glass substrate by carrying out a sputtering 
operation (see abstract, col. 2 lines 37-40, and Embodiment 3). The refractive index of the amorphous silicon 
layer has been controllably varied by introducing the dopants (hydrogen, nitrogen or oxygen) into the layer 
during the sputtering operation (see col, 2 line 65 - col. 3 line 17 and figure 4). 

Claim 21: 



The document D12 discloses all the essential features of claim 21. In particular, it discloses an optical device 
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abstract, col. 1 lines 63-66 and figures 2, 3), and a processing element (a tunable multiplexer) integrated with 
the structure (see claims 1-3). 



INVENTIVE STEP (IS): claims 1-10, 12-14. 21 
Claims 1, 7, 9, 10, 21: as above 



Claims 2-6, 8: 
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Claims 12-14: 
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particular, a controllable variation of the refractive index of the amorphous silicon layer via incorporation of 
oxygen in the layer in order to gradually decrease the refractive index to that of silica (about 1.46) is disclosed 
in Dl 1 (see col. 3 lines 2-8), whereas a tapering of the waveguide layer as well as controlled variation in its 
refractive index in order to achieve low-loss optical coupling to an optical fibre is disclosed in D7 (see col. 1 
lines 44-51 and 54-66). 
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WAVEGUIDE STRUCTURE AND 
METHOD OF FORMING THE WAVEGUIDE STRUCTURE 




Field of the Invention 

5 The present invention relates broadly to a high- 

optical-conf inement waveguide structure and a method for 
forming the same . 



Background of the Invention 

10 High-confinement optical waveguides rely on a high 

refractive index contrast between the waveguide material 
and surrounding cladding material /optically isolating 
layers. This allows the design of very compact waveguide 
structures, which have found numerous applications 

15 enabling dramatic reduction in device dimensions while 
maintaining the required optical functionality. 

Recently, silicon has been identified as a suitable 
material for the production of high confinement waveguide 
structures. Silicon has a high refractive index of the 
2 0 order of 4 at 1 . 5 a wavelength of about 1.5 |am. High 
confinement optical waveguides based on silicon as the 
waveguide core material are presently manufactured 
utilising a technique known as ''Separation by Implanted 
Oxygen" (SIMOX) to create Silicon on Insulator (SOI) 

2 5 structures. In the SIMOX technique, oxygen is implanted 

into a silicon wafer. The wafer is then annealed to form 
a silicon layer above a layer of oxidised silicon formed 
from the implanted oxygen at a predetermined implantation 
depth . 

3 0 However, this technique suffers from several 

disadvantages including the high cost related to the 
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complex fabrication of SIMOX substrates, and the limited 
range of variations in the parameters of the SIMOX 
substrates, such as the limited range of the waveguide 
material properties (bulk silicon) and the limited range 
5 of achievable thicknesses of the oxidised optical 

isolation layer created through oxygen implantation. 

Summary of the Invention 

The present invention provides a method for forming 
10 a high-optical-confinement waveguide structure, the method 
comprising : 

- forming a silicon-based waveguide on a substrate by 
depositing a waveguide layer comprising amorphous silicon 
onto the substrate; 
15 wherein the waveguide layer has a refractive index 

which is greater than a refractive index of the substrate. 

Accordingly, thin film technology can be used to 
fabricate high optical confinement silicon-based waveguide 
structures, which can increase the range of properties of 

2 0 the silicon-based waveguide of the waveguide structure. 

The method may further comprise a step of depositing 
a first layer of a first material on a wafer so as to form 
the substrate prior to depositing the waveguide layer. 
The wafer may comprise a silicon wafer. The first layer 
25 may be silica-based. 

The step of forming the silicon-based waveguide may 
further comprise etching the deposited waveguide layer. 
The etching may be performed in a manner which forms a 
ridge structure in the deposited waveguide layer. The 

3 0 method may further comprise a step of depositing a second 

layer of a second material so as to form an etch-stop, 
whereby to enable the formation of the ridge structure. 
Accordingly, the height of the ridge structure can be more 
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accurately controlled compared to relying on uniformity of 
the etching process. 

The method may further comprise a step of creating a 
refractive index variation in the deposited waveguide 
layer so as to form a non-constant refractive index 
profile in the waveguide layer. The step of creating the 
refractive index variation may comprise exposing the 
deposited waveguide layer to radiation so as to induce 
refractive index changes in the deposited waveguide layer. 

The waveguide layer may further comprise a dopant 
material . 

The deposited waveguide layer may further comprise at 
least partially-oxidised silicon. 

The method may further comprise crystallising the 
deposited waveguide layer and forming the waveguide in the 
polycrystalline waveguide layer. The step of crystallising 
may comprise utilising a dopant incorporated into the 
waveguide during the deposition of the waveguide layer in 
the first material to control a grain size in the 
crystallised waveguide. 

The waveguide may be deposited by plasma enhanced 
chemical vapour deposition (PECVD). 

The step of forming the waveguide may further 
comprise forming a taper in an end portion of the 
deposited waveguide layer for facilitating optical 
coupling to an optical fibre. The step of forming the 
waveguide further comprises creating a variation of 
refractive index of the deposited waveguide layer in the 
end portion of the waveguide. The step of creating the 
variation of the refractive index in the end portion may 
comprise carrying out controlled oxidation of the end 
portion. The controlled oxidation may comprise using a 
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laser to heat the deposited waveguide layer. The laser 
may comprise a CO2 laser . 

The method may further comprise a step of forming a 
processing element in and integrated with the deposited 
waveguide layer. 

The present invention may alternatively be defined as 
an optical device incorporating a silicon-based waveguide 
structure formed on a substrate, the device comprising a 
processing element formed and integrated with the silicon- 
based waveguide structure, wherein the silicon-based 
waveguide structure incorporates an amorphous-silicon- 
based waveguide layer. 

The processing element may comprise a photodetector 
incorporating a dopant material in the silicon-based 
waveguide structure . 

The present invention may alternatively be defined as 
providing a method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising: - oxidising 
the silicon-based waveguide in an end portion thereof so 
as to alter a refractive index of the end portion; wherein 
the end portion is arranged to facilitate optical coupling 
of the waveguide to an end of an optical fibre, the 
oxidation being controlled so as to create a refractive 
index profile in which the refractive index at an outer 
end of the end portion matches that of the optical fibre. 

Embodiments of the invention will now be described, 
by way of example only, with reference to the accompanying 
drawings, in which: 

Brief Description of the Drawings 

Figure la to e are schematic drawings illustrating a 
method of forming a waveguide structure embodying the 
present invention . 
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Figure 2 is a schematic drawing illustrating a method 
of coupling a waveguide structure to an optical fibre 
embodying the present invention. 

Detailed Description of the Preferred Embodiment 

In Figure la, a silicon wafer 10 is the starting 
substrate for subsequent thin film deposition of the 
various layers of the high optical confinement waveguide 
structure as described below. 

Turning to Figure lb, as a first step a silica buffer 
layer 12 is deposited on the silicon wafer 10 using Plasma 
Enhanced Chemical Vapour Deposition (PECVD) using a 
suitably oxidised silane precursor. The silica buffer 
layer 12 typically comprises a silicon dioxide, resulting 
in a refractive index of 1.46 (at 1.5 micro meter 
wavelength) of the buffer layer 12. 

Next, as shown in Figure Ic, a waveguide layer 14 of 
amorphous silicon is deposited using again PECVD from a 
silane precursor. 

It is noted that the refractive index of the 
resultant waveguide layer 14 can be adjusted from that of 
pure amorphous silicon (3.6 to 3.8 at a wavelength of 1.5 
|am) to that of silicon dioxide (1.46 at wavelength of 1.5 
\Am) by controlled oxidation of the silane during the PECVD 
process. This allows a great range of material properties 
of the waveguide layer 14, which in turn gives design 
flexibility for devices incorporating the high confinement 
optical waveguide . 

In the next processing step, photolithography and 
reactive ion etching are used to produce a ridge 16 in the 
amorphous silicon layer which defines the high confinement 
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optical waveguide. The height of the ridge 16 determines 
the degree of optical confinement, wherein the higher the 
ridge 16 is, the higher the optical confinement (see 
Figure Id) . 

Finally, as illustrated in Figure le, a further 
silica layer 18 is deposited to form an outer cladding of 
the waveguide structure. 

It will be appreciated by a person skilled in the art 
that the above described method allows control over 
various properties of the resultant high optical 
confinement waveguide structure. 

Those include the control over the refractive index 
of the silicon-waveguide layer 14 as mentioned before, and 
the. semiconductor properties of the silicon layer 14 (e.g. 
carrier lifetime which may be adjusted through suitable 
dopants) . Furthermore, the thickness /height of the ridge 
16 can be conveniently controlled, as well as the 
thickness and composition of the buffer layers 12 and 18. 

The refractive index of the silicon layer 14 may 
further be altered through solid phase crystallisation of 
the deposited amorphous silicon layer 14 by high 
temperature processing, such as rapid thermal annealing 
(RTA) or laser heating. It is noted here that the 
formation of grains caused by the crystallisation can 
cause an access scattering loss of the resultant 
waveguide. However, the grain size can be controlled 
independently by an appropriate doping of the silicon 
layer so that the high temperatures required to achieve 
the necessary re-crystallisation to eg. control the 
semiconductor properties of the silicon layer 12 do not 
lead to an excessive grain growth. In one embodiment. 
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small amounts of oxygen can be incorporated during the 
deposition of the silicon layer 14, which can 
significantly restrain the grain growth even at 
temperatures in excess of 800 ^C. 

The above described method can for example be 
utilised to construct silicon-based thermo-optical 
switches (TOS) and switching matrices. Despite the high 
thermo-optic coefficient of silicon it has so far been 
difficult to realise TOS, as in the SIMOX process little 
thermal isolation of the silicon waveguide from the highly 
thermally conductive silicon substrate could be achieved. 
This is a result of the small thickness of the barrier 
oxide layer formed from the implanted oxygen dictated by 
the SIMOX process. 

In the embodiment of the present invention described 
above, the thickness of the silica buffer layer 12 can be 
varied conveniently in a sufficient thickness range as it 
utilises thin film technology rather than relying on 
implantation of oxygen into a substrate. Therefore, heat 
losses into the silicon substrate in TOS and switching 
matrices can be minimised, which in turn reduces the 
thermo-optical switching power required. 

It will be appreciated by a person skilled in the art 
that the above described method can be utilised in the 
construction of other device structures, including for 
example devices which incorporate a processing element 
which is arranged to be controlled electrically to change 
its refractive index. Such processing elements can be 
useful in for example electro-optic modulator devices or 
phase shifter devices. 
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An advantage of another embodiment of the present 
invention will be described. 

In silicon-based opto-electronics it is often 
required to couple light to and from an optical fibre. 
Typically, the coupling losses are high due to an optical 
mode mismatch between silica (fibre) and silicon systems. 
One solution to this problem is to provide adiabatic 
tapering to the input/output silicon waveguides in order 
to expand their optical mode towards the optical mode of 
the fibres. However, this requires relatively large 
tapering distances to avoid radiation losses which 
partially negates the advantages of the compactness of the 
optical circuits as such. 

Turning now to Figure 2, in an embodiment of the 
present invention a silicon waveguide 3 0 comprises a 
tapered end portion 3 2 for mode matching to an optical 
fibre 34 resting in a groove (not shown) of a carrier 
substrate 36. In this embodiment, controlled oxidation of 
the deposited amorphous silicon waveguide 30 is utilised 
to reduce the length of the required tapering 32. A laser 
beam 3 8 is scanned locally in the tapered end portion 3 2 
of the amorphous silicon waveguide 3 0 to oxidise the 
amorphous silicon in that region, thereby reducing its 
refractive index in that region towards that of silica. 
This allows for a reduction in the length of the required 
tapering 32. In this embodiment, a CO2 laser is used, but 
it will be appreciated that other lasers could be used to 
locally oxidise the amorphous silicon. 

A refractive index profile in the tapered region 32 
can be achieved by controlling the degree of oxidation, 
which will depend on the laser pulse frequency and 
exposure duration. 
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In another embodiment of the present invention, 
deposition of germanium-doped silicon waveguide layers can 
introduce infrared absorption which in turn will allow 
incorporating a signal receive function in the waveguide. 
5 Accordingly, embodiments of the present invention can 

provide integrated active and passive circuit components. 

It will be appreciated by a person skilled in the art 
that numerous variations and/or modifications may be made 
to the present invention as shown in the specific 
10 embodiments without departing from the spirit or scope of 
the invention as broadly described. The present 
embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 

In the claims that follow and in the summary of the 
15 invention, except where the context requires otherwise due 
to express language or necessary implication, the word 
"comprising" is used in the sense of "including", i.e. the 
features specified may be associated with further features 
in various embodiments of the invention. 
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THE CLAIMS 

1. A method for forming a high-opt ical -confinement 
waveguide structure, the method comprising: 

- forming a silicon-based waveguide on a substrate by 
5 depositing a waveguide layer comprising amorphous silicon 
onto the substrate; 

wherein the waveguide layer has a refractive index 
which is greater than a refractive index of the substrate. 

10 2. A method as claimed in claim 1, further 

comprising a step of depositing a first layer of a first 
material on a wafer so as to form the substrate prior to 
depositing the waveguide layer. 

15 3. A method as claimed in claim 2, wherein the 

wafer comprises a silicon wafer. 

4. A method as claimed in either claim 2 or 3, 
wherein the first layer is silica-based. 

20 

5 . A method as claimed in any one of the preceding 
claims, wherein the step of forming the silicon-based 
waveguide further comprises etching the deposited 
waveguide layer. 

25 

6. A method as claimed in claim 5, wherein the 
etching is performed in a manner which forms a ridge 
structure in the deposited waveguide layer. 

30 

7 . A method as claimed in any one of the preceding 
claims, wherein the method further comprises a step of 
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creating a refractive index variation in the deposited 
waveguide layer so as to form a non-constant refractive 
index profile in the waveguide layer. 

5 8. A method as claimed in claim 1 , wherein the step 

of creating the refractive index variation comprises 
exposing the deposited waveguide layer to radiation so as 
to induce refractive index changes in the deposited 
waveguide layer . 

10 

9 . A method as claimed in any one of the preceding 
claims, wherein the waveguide layer further comprises a 
dopant material . 

15 10 . A method as claimed in any one of the 

preceding claims, wherein the deposited waveguide layer 
further comprises at least partially-oxidised silicon. 

20 11. A method as claimed in any one of the preceding 

claims, wherein waveguide layer is deposited by plasma- 
enhanced chemical vapour deposition (PECVD) . 

12 . A method as claimed in any one of the preceding 
25 claims, wherein the step of forming the waveguide further 
comprises forming a taper in an end portion of the 
deposited waveguide layer for facilitating optical 
coupling to an optical fibre. 

30 13 . A method as claimed in claim 12, wherein the 

step of forming waveguide further comprises creating a 
variation of refractive index of the deposited waveguide 
layer in the end portion of the waveguide. 
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10 



15 



20 



25 



14 . A method as claimed in claim 13 , wherein the 
step of creating the variation of refractive index in the 
end portion comprises carrying out controlled oxidation of 
the end portion. 

15. A method as claimed in claim 14, wherein the 
controlled oxidation comprises using a laser to heat the 
deposited waveguide layer. 

16. A method as claimed in claim 15, wherein the 
laser comprises a CO2 laser. 

17 . A method as claimed in any one of the preceding 
claims, wherein the method further comprises a step of 
forming an optical signal processing element in and 
integrated with the deposited waveguide layer. 

18. A method as claimed in claim 17, wherein the 
processing element comprises a photodetec tor incorporating 
a dopant material in the silicon-based waveguide 
structure . 

19. A method as claimed in claim 18, wherein the 
processing element is arranged to be controlled 
electrically to change its refractive index. 

20. A method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising: 

- oxidising the silicon-based waveguide in an end 
portion thereof so as to alter a refractive index of the 
end portion; wherein the end portion is arranged to 
facilitate optical coupling of the waveguide to an end of 
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an optical fibre, the oxidation being controlled so as to 
create a refractive index profile in which the refractive 
index at an outer end of the end portion matches that of 
the optical fibre. 

5 

21. An optical device incorporating a silicon-based 
waveguide structure formed on a substrate, the device 
comprising a processing element formed and integrated with 
the silicon-based waveguide structure, wherein the 
10 silicon-based waveguide structure incorporates an 
amorphous-silicon-based waveguide layer. 



INTERNATIONAL SEARCH REPORT 



Intemauonai application No 
PCT/AIJ00/0Q219 



CLASSIFICATION OF SUBJECT MATTER 



im. CI G02B 6/13 



According to International Patent Classification (IPC) or to both nniionai classificaiion and IPC 
B. FIELDS SEARCHED 



Miniinum docmncntiition searched ^classificaLion svsiem followed bv ciassihcaiion svmbois) 
IPC G02B/IC G02F/IC HOIL/IC 



Documeniauon searched other than minimmn documentation to Lhe extent that such documents are included in the fields searched 



Electronic data base consulted dunng the mtcmational search (name of data base and, where pracucable search terms used) 
DWPLJAPIO ' ^ 



C. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categon * Citation of document, with indication, where appropnatc, of the relevant passages 



Relevant to claim No. 



X 
Y 

X 
Y 

X 
Y 



US 5 841 931 A (FORESI etal.) 24 November 1998 
See whole document 

US 5 757 986 A (CRAMPTON et al.) 26 May 1998 
See whole document 

GB 2 323 450 A (UK SEC FOR DEFENCE) 23 September 1998 
See whole document 



1-8, 10-13, 15, 21, 25 
9, 16-20, 22-24 

1-8, 10,21,25 
9, 11-13, 15-20, 22-24 

1-8, 10. 21, 25 
9, 11-13. 15-20, 22-24 



X 



Further documents are listed in the contmuation of Box C 



See patent family annex 



Special categones of cited documents: 

document defining the general slate of the art which is 
not considered to be of particular reievance 
earher application or patent but published on or after 
the mtemational filing date 

document which may throw doubts on priority ciaim(s) 
or which is cited to establish the publication date of 
another citation or other special reason (as specified) 
document referring to an oral disclosure, use, 
exhibition or other means 

document pubhshed pnor to the international filing 
date but later than the pnontv date claimed 



later document published after the international filing date or 
prion ty date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the ciauned invention cannot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 
docimient of particular relevance: the claimed invention cannot 
be considered to mvolve an inventive step when the document is 
combmed with one or more other such documents, such 
combination bemg obvious lo a person skilled in the an 
document member of the same patent family 



Date of the actual completion of the mtemaiionai search 
19 May 2000 



Date of mailing oi the international search repon 

1 6 JUM 2000 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200. WODEN ACT 2606. AUSTRAIJA 
E-maii address: pct.'G;ipausLral ia.gov.au 
Facsmule No. r02r6285 3929 



Authorized officer 
DEAN ALLE 

Telephone No : (02) 6283 2286 



Form PC T/IS A/2 lU 1 second sheet) fJulv 1 99 Si 



INTERNATIONAL SEARCH REPORT 


Inicmauonai application No. 
prT/Aiinn/nn7iQ 


f L (LonunuationV DOCUMENTS CONSIDERED TO BE RELEVANT " 


Caicgon"^ 


1 Citation of document, with indication, where appropnaie. of the rcicvani 
passages 


Rcicvani to ciaim No 


X 
Y 


US 5 838 870 A(SOREF) ] 7 November i 998 
See whole document 




1-8 ,10 J 1 ,25 

9 11-1^ i S-IO 77 7d 


X 
Y 


US 4 997 246 A (MAY etal.) 5 March 1991 
See whole document 




9, 11-13, 15-20, 22-24 


X 
Y 


US 4 787 691 A (LORENZO et al.) 29 November 1988 
See whole document 




L8, 10, 21,25 
9, 11-13, 15-20, 22-24 


Y 


US 4 886 538 A (MAHAPATRA) 12 December 1989 
See whole document 




16-20, 24 


Y 


US 5 657 338 A (KITAMURA) 12 August 1997 
See w^hole document 




16 


P,X 


US 6 003 222 A (BARBAROSSA) 21 December 1999 
See whole document 




1-5, 8,10, 16-18 


Y 


WO 97/09645 Al (UNISEARCH LIMITED) 13 March 1997 
See whole document 




1-13, 15-20 


X 
Y 


WO 96/33429 Al (UNISEARCH LIMITED) 24 October 1996 
See whole document 




1-8. 10-13, 15, 21, 25 
9, 16-20, 22-24 



Form PCT/lSA/210 (conunuaiion of Box C)fJulv 1998; 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 


International application No. 
PCT/AUOO/00219 


This Annex lists the known "A" publication level patent family members rciatinc to ilie pa 
above-mentioned intemauonal search report. Tlie Australian Patem Office is in^no waN' hi 
which are merely given for the purpose of information. 


tent documents cited in the 
iblc for these paniculars 



Patent Document Cited in Search 
Repon 






Patent Family Member 






US 


5841931 


NONE 












US 


5757986 


WO 


9508787 


EP 


720754 


us 


5908305 


GB 


2323450 


GB 


2337132 


WO 


9843128 






US 


5838870 


NONE 












US 


4997246 


EP 


433552 


JP 


3196120 






US 


4787691 


NONE 












us 


4886538 


CA 


1323194 


EP 


302043 


JP 


1049004 


us 


5657338 


JP 


8125279 


US 


5792674 






us 


6003222 


EP 
US 


890850 
5657338 


JP 

us 


11084156 
5792674 


JP 


8125279 


wo 


9709645 


AU 


67830/96 


CA 


2231373 


EP 


871910 


wo 


9633429 


AU 


41112/96 


CA 


2218854 


EP 


821799 


END OF ANNEX 



Form PCT/ISA/210 (ciiauon family annex) (July 1998) 



wo 00/57222 



PCT/AUOO/00219 



- 10 - 

The claims defining the invention are 

1. A method for forming a high optical confinement 
waveguide structure, the method comprising the step of: 

- forming a silicon-based waveguide on a substrate by 
5 depositing a waveguide layer of silicon containing 
material onto the substrate; 

wherein the material is selected in a manner such 
that the refractive index of the waveguide is greater than 
the refractive index of the substrate. 
10 2. A method as claimed in claim 1, further 

comprising the step of depositing a first layer of a first 
material on a wafer to form the substrate prior to 
depositing the waveguide layer. 

3. A method as claimed in claim 2, wherein the 
15 wafer comprises a silicon wafer. 

4. A method as claimed in claims 2 or 3 , wherein 
the first layer is silica-based. 

5. A method as claimed in any one of the preceding 
claims, wherein the forming of the silicon-based waveguide 

20 further comprises etching the deposited waveguide layer. 

6. A method as claimed in claim 5, wherein the 
etching is performed in a manner such as to form a ridge 
structure in the deposited waveguide layer. 

7. A method as claimed in any one of the preceding 
25 claims, wherein the method further comprises the step of 

depositing a second layer of a second material to form an 
etch-stop during the etching of the ridge structure. 

8. A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 

30 varying the refractive index in the deposited waveguide 

layer to form a refractive index profile in the waveguide. 
^' 9- A method as claimed in claim 8, wherein the seep 
of varying the refractive index comprises exposing the 
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deposited waveguide layer to radiation to induce 
refractive index changes in the deposited waveguide layer. 

10. A method as claimed in any one of the preceding 
claims, wherein the silicon containing material comprises 

5 a dopant material. 

11. A method as claimed in any one of the preceding 
claims, wherein the silicon containing material is 
selected in a manner such that the deposited waveguide 
layer comprises amorphous silicon. 

*0 12 . A method as claimed in claim 11, wherein the 

silicon containing material is selected in a manner such 
that the deposited waveguide layer comprises amorphous 
silicon and oxidised silicon. 

13 . A method as claimed in any one of the preceding 
claims, wherein the method further comprises crystallising 
the deposited waveguide layer and forming the waveguide in 
the polycrystalline waveguide layer. 

14. A method as claimed in claim 13, wherein the 
step of crystallising comprises utilising a dopant 

20 incorporated into the waveguide during the deposition of 
the waveguide layer in the silicon containing material to 
control a grain size in the crystallised waveguide. 

15. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 

25 comprises plasma enhanced chemical vapour deposition 
(PECVD) . 

15. A method as claimed in any one of the preceding 
claims, wherein the step of forming the waveguide 
comprises forming a taper in an end portion of the 
deposited waveguide for optical coupling to an optical 
fibre . 

-^17. A method as claimed in claim 16, wherein the 
step of forming the taper comprises varying the refractive 
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index of the deposited waveguide layer in the end portion 
of the waveguide. 

18. A method as claimed in claim 17, wherein the 
varying of the refractive index in the end portion 
comprises controlled oxidation of the deposited waveguide 
layer . 

19. A method as claimed in claim 18, wherein the 
controlled oxidation comprises a laser to heat the 
deposited waveguide layer. 

20. A method as claimed in claim 19, wherein the 
laser comprises a CO2 laser. 

21. A method as claimed in any one of the preceding 
claims, wherein the method further comprises the step of 
forming an optical signal processing element in and 
integrated with the deposited waveguide layer. 

22. A method as claimed in claim 22, wherein the 
processing element comprises a photodetec tor incorporating 
a dopant material in the silicon-based waveguide 
structure . 

2^ 23 . A method as claimed in claim 22, wherein the 

processing element is arranged to be controlled 
electrically to change its refractive index. 

24. A method of coupling a silicon-based waveguide 
to an optical fibre, the method comprising the steps of: 

2^ - oxidising the silicon-based waveguide in an end 

portion thereof, the end portion being, in use, located 
adjacent an end phase of the optical fibre for optical 
coupling; 

wherein the oxidising is controlled in a manner such 
30 that a refractive index profile is created in the end 

portion, and wherein the refractive index is altered in a 
manner such that it substantially matches that of the 
optical fibre at an outer end of the end portion. 
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25. An optical device incorporating a silicon-based 
waveguide structure on a substrate formed on a substrate, 
the device comprising a processing element formed and 
integrated with the silicon-based waveguide structure. 
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